Objective: To analyze the incidence and mortality rates of laryngeal cancer in China from 2008 to 2012.
Introduction
Laryngeal cancer is one of common malignant tumors in the head and neck, the incidence of laryngeal cancer accounts for 1%-5% of all malignant tumors, and ranks third in otolaryngology cancer, behind nasopharyngeal carcinoma and paranasal sinus cancer (1) . According to GLOBOCAN 2012, the global incidence and mortality rate of laryngeal cancer was 2.1/100,000 and 1.1/100,000, respectively. The incidence and mortality rate of laryngeal cancer in China was 1.1/100,000 and 0.7/100,000 respectively, which was ranked the 21st incidence and the 21st cause of cancer-related death in all cancer in China (2) . The epidemic characteristics of laryngeal cancer during 2008-2012 in China were analyzed to provide basic information for the control and research of laryngeal cancer.
collected cancer registration data from population-based cancer registries in China. A total of 164 cancer registries in China submitted the registration data from 2008 to 2012 and the data of 135 cancer registries were included in pooled data for analysis according to the criteria of quality control. Among the 135 cancer registries there were 56 registries located in urban areas and 79 registries located in rural areas. These cancer registries covered a population of 629,333,910 person-years (318,623,600 males and 310,710,310 females, 382,669,450 urban areas and 246,664,460 rural areas). The analysis data of laryngeal cancer (International Statistical Classification of Diseases and Related Health Problems 10th Revision, ICD-10 C32) including incidence, death records and annual population are derived from the database of NCCR. Furthermore, each year, rate of incidence/mortality of laryngeal cancer and the data of population during [2003] [2004] [2005] [2006] [2007] were acquired from the database of NCCR.
Quality control
Cancer registry data submitted to NCCR underwent quality control based on the criteria of "Guideline for Chinese Cancer Registration" (3) and "Cancer Incidence in Five Continents Volume IX" by International Agency for Research on Cancer/International Association of Cancer Registries (IARC/IACR) (4). The validity, reliability, completeness and comparability of cancer registry data were evaluated based on a comprehensive consideration of a series of indexes including the mortality to incidence (M/I) ratio, the percentage of cases morphologically verified (MV%), and the percentage of death certificateonly cases (DCO%) (5) . In the present analytical data of laryngeal cancer, the percentage of MV was accounted for 77.08%, that of DCO% was 2.43% and the ratio of M/I was 0.53. In urban cancer registries, those indictors were 80.57%, 1.99% and 0.49, respectively. In rural cancer registries, the MV%, DCO% and the ratio of M/I were 68.93%, 3.46% and 0.67, respectively ( Table 1) .
Statistical analysis
Cancer registration areas were classified into urban or rural areas according to the National Bureau of Statistics of the People's Republic of China. Crude cancer incidence and mortality rates of laryngeal cancer were calculated by area (urban/rural), region (eastern, middle, western), gender (male, female) and age groups (0-, 1-4, 5-84 by 5 years and 85+years), Age-standardized rates by Chinese and world were calculated using the population composition of China in 2000 and Segi's population structure as the standard population respectively. The cumulative risk of developing or dying from cancer before 75 years old (in the absence of competing causes of death) was calculated and presented as a percentage (6 
Results

Incidence of laryngeal cancer
The new cases diagnosed with laryngeal cancer of China from 2008 to 2012 was 11,690 (10,500 for males and 1,190 for females), accounting for 0.66% of overall new cancer cases. The crude incidence rate of laryngeal cancer was 1.86/100,000 which ranked the 21st most common cancer in all cancer sites. The age-standardized incidence rates by China population (ASIRC) and by World population (ASIRW) were 1.22/100,000 and 1.23/100,000, respectively. The cumulative incidence rate of laryngeal cancer before 75 years old was 0.08%. For males, laryngeal cancer was the 17th most common cancer, with a crude incidence of 3.30/100,000, and the ASIRC and ASIRW were 2.24/100,000 and 2.26/100,000, respectively. For females, laryngeal cancer was the 23rd most common cancer, with a crude incidence of 0.38/100,000, and the ASIRC and ASIRW were 0.24/100,000 and 0.24/100,000, respectively. The incidence in urban areas was higher than that in rural areas. The crude incidence rate, ASIRC and ASIRW of laryngeal cancer were 2.15/100,000, 1.37/100,000 and 1.37/100,000 in urban areas, with a cumulative rate of 0.08% (0-74 years old), and 1.40/100,000, 0.98/100,000 and 0.99/100,000 in rural areas, with a cumulative rate of 0.06% (0-74 years old).
The crude incidence in eastern areas (1.89/100,000) and middle areas (1.90/100,000) was higher than that in western areas (1.52/100,000). However, after age adjustment the incidence in middle areas (ASIRC: 1.42/100,000, ASIRW: 1.43/100,000) was higher than that in eastern areas (ASIRC: 1.18/100,000, ASIRW: 1.19/100,000) and western areas (ASIRC: 1.18/100,000, ASIRW: 1.19/100,000). The patterns of age-standardized incidence rate in males and females were similar to that of both sexes in different areas ( Table 2) .
Age-specific incidence of laryngeal cancer
The age-specific incidence rate of laryngeal cancer was relatively low in age groups before 40 years old and then increased with age. The incidence rates were higher in urban areas than in rural areas among patients aged >40 years for males and females. The incidence rates of laryngeal cancer in middle areas were higher than that in eastern areas and western areas among patients aged >40 years for females and males. The incidence peaked in the 75-79 age groups in overall areas and urban areas. In rural areas, the incidence in the 70-74 age groups was the highest among all age groups. The incidence peaked in the 70-74, 75-79, 85+ age groups in eastern areas, middle areas and western areas (Figure 1, 2 ). 
Incidence trend of laryngeal cancer
There was a decreased trend in the incidence of laryngeal cancer from 2003 to 2012. Compared with 2003, the incidence rate decreased by 12.75% (8.52% for males and 50.00% for females, 14.72% for urban areas and 7.22% for rural areas). The incidence rate decreased fast in females than in males and in urban areas than in rural areas. In ten years during 2003-2012, the APC of the incidence rate in both sexes in China was -1.27% [95% confidence interval (95% CI): -2.2%, -0.3%]. The APC was -7.09% (95% CI: -10.3%, -3.8%) in females and in males that was -0.60% (95% CI: -1.6%, 0.4%). In urban areas, the decrease of incidence rate of laryngeal cancer in females was statistically significant (APC: -8.43%; 95% CI: -12.2%, -4.4%) (P<0.05). The APCs of that in total and in males were -1.38% (95% CI: -2.9%, 0.2%) and -1.01% (95% CI: -2.1%, 0.1%), respectively, and the change of incidence rate of laryngeal cancer was not statistically significant. In rural areas, the APCs of the rates in total, males and females were -0.36% (95% CI: -2.3%, 1.6%), -0.38% (95% CI: -2.1%, 1.4%) and -1.55% (95% CI: -5.9%, 3.0%), respectively, and the time change trend of the rate was not statistically significant ( Table 3 , Figure 3 ).
Mortality of laryngeal cancer
During the period of 2008-2012, there were 6,360 patients died from laryngeal cancer in China, accounted for 0.57% of cancer-related deaths. The crude mortality of laryngeal cancer was 1.01/100,000 and it was the 21st leading cause of cancer-related death in all cancer sites. Both the agestandardized mortality rates by Chinese population (ASMRC) and by World population (ASMRW) were 0.63/100,000 and the cumulative mortality rate (0-74 years) was 0.07%. The mortality was higher in males than in females. In males, the crude mortality, ASMRC and ASMRW were 1.70/100,000, 1.12/100,000 and 1.12/100,000, respectively, and in females, the rates were 0.30/100,000, 0.17/100,000 and 0.18/100,000, respectively. The mortality rate in urban areas was higher than that in rural areas. In the former, the crude mortality, ASMRC and ASMRW were 1.10/100,000, 0.65/100,000 and 0.65/100,000, respectively, and in rural areas, they were 0.87/100,000, 0.59/100,000 and 0.60/100,000, respectively. Laryngeal cancer was the 21st leading cause of cancer death in both urban and rural areas ( Table 4 ).
The middle areas had a high crude mortality rate (1.12/100,000), followed by the eastern (0.99/100,000) and western areas (0.88/100,000). After adjusted by age, the middle areas still had the highest mortality rate (ASMRC: 0.82/100,000, ASMRW: 0.82/100,000) and the mortality in western areas (ASMRC: 0.68/100,000, ASMRW: 0.69/100,000) was higher than that in eastern areas (ASMRC: 0.58/100,000, ASMRW: 0.58/100,000) ( Table 4) .
Age-specific mortality rate of laryngeal cancer
The mortality of laryngeal cancer in China was relatively low in age groups under 45 years and increased with age constantly. In males, the age-specific mortality curve before 70 years old in urban areas was similar to that in rural areas, and in groups aged over 70 years old, the mortality was higher in urban areas than in rural areas. In females, agespecific mortality curves were similar in both urban and rural areas. The mortality rate of laryngeal cancer of females in middle areas was higher than that in eastern areas and western areas in the groups of 40-79 years old, but similar for males. The mortality rate peaked in the 80-85+ age groups in overall areas and urban areas. In rural areas, the mortality rate in the 85+ age group was the highest among all age groups. In eastern areas, middle areas and western areas, the mortality rate peaked in the 80-84, 75-79 and 85+ age groups, respectively (Figure 4, 5) .
Mortality trend of laryngeal cancer
The mortality rate of laryngeal cancer decreased annually from 2003 to 2012 in China. It decreased by 13.92% (11.97% for males and 34.78% for females, 16.67% for urban areas and 4.84% for rural areas) compared with 2003. The descent range of mortality rate in females was bigger than that in males, and the descent range in urban areas was bigger than that in rural areas. The time change trend of the mortality rate in females was statistically significant (APC: -5.18%; 95% CI: -9.0%, -1.2%) (P<0.05), and the trends in males and total were not statistically significant, with the APC of -0.98% (95% CI: -2.6%, 0.7%) for males and -1.15% (95% CI: -2.5%, 0.2%) in total. In urban areas, the APC of the mortality rate in total, males and females was -1.22% (95% CI: -3.0%, 0.7%), -1.47% (95% CI: -3.3%, 0.4%) and -3.88% (95% CI: -8.9%, 1.5%), respectively, and the time trend of laryngeal cancer mortality rate was not statistically significant. In the rural areas, the APC of the total was -2.55% (95% CI: -6.9%, 1.9%). According to gender stratification, the APC of the mortality rate in males was -0.96% (95% CI: -4.7%, 2.9%) and that in females was -4.96% (95% CI: -11.6%, 2.2%). The time change trends of the mortality rate in males, females and both sexes were not statistically significant ( Table 5 , Figure 6 ).
Discussion
Laryngeal cancer is a malignant tumor originating from the laryngeal mucosal epithelium. Squamous cell carcinoma (SCC) is the most common type of laryngeal cancer, accounting for about 98% of all new cases. Smoking, alcohol drinking, sustained inhalation of harmful substances and infection of papillomavirus may lead to laryngeal cancer (7). The laryngeal cancer was accounting for 1%-5% of overall new cancer cases and ranked third in the cancers of ear-nose-throat and occurred more often in middle-aged patients and in males (8) (9) (10) . Based on the data provided in this study, the laryngeal cancer was the 21st most common cancer and 21st leading cause of cancer-related death in China. The incidence of laryngeal cancer was 7.68 times higher in males than in females. Similar with our results, the ratio of male to female was 7.8:1 in the world (11), 7:1 in Spain (12) (14) . The reasons for higher rates in males probably reflect etiologic factors related to sex hormones and other risk factor exposures like smoking, alcohol drinking, and so on.
In China, both incidence and mortality of laryngeal cancer were higher in urban areas than in rural areas. Laryngeal cancer in urban areas was approximately 40% higher than those in rural areas for age-standardized incidence rate and 10% higher for age-standardized mortality rate. The reason may be more serious air and water pollution in urban areas than in rural areas. Zhang et al. (15) showed that the incidence of laryngeal cancer in Liaoning province of China was higher than that in rural areas, and the incidence of urban cancer was 2.3 times as high as that in rural areas and other study also showed the same result (16) .
There were regional disparity in both incidence and mortality of laryngeal cancer in China. The incidence rate in eastern areas and western areas was similar, and lower than middle areas. The middle areas had the highest mortality rate, followed by eastern areas and western areas. Much of this disparity may be due to the natural geographical environment, the different socioeconomic levels, lifestyles and conditions of local health care (17) (18) (19) .
The decreased trend in incidence and mortality rate of laryngeal cancer was found in China from 2003 to 2012. The mortality rate decreased great than the incidence rate in urban areas. The incidence rates of laryngeal cancer in females and in total showed statistical significance decline trend and the time change trend in males was not statistically significant in China. The time change trend of the mortality rate had statistical significance only in females. Meanwhile in rural areas of China, the time change trends of both the incidence and mortality of laryngeal cancer were not statistically significant. The main reason may be the disparity of the medical resources between the urban areas and rural areas. There are better quality of cancer care, enough medical treatment, high educated degree and earlier screening program for patients living in urban China. The government should balance the medical resources and take effective measures to bridge the gap (20) .
Conclusions
Laryngeal cancer is a relatively uncommon cancer in China and showed a declined trend of rate in recent years. There are disparities of incidence rate in genders, age groups and different areas. Appropriate targeted prevention, early detection and treatment programs can be carried out to control the local burden of laryngeal cancer. 
